INTRODUCTION
Trend detection in observed hydro-climatic records, particularly in river flows, remains one of the important themes in hydrological sciences especially in the light of natural climate variability and potential climate change. Global climate is unequivocally changing with warming trends detected in several regions throughout the world, evident from both observations and global climate model studies (IPCC ). Warming of the climate system will intensify the global hydrological cycle and alter the magnitude and frequency of hydrological and climate parameters such as precipitation and evapotranspiration in a specific region (Xu et al. ) ; that in turn will have an impact on the catchment's hydrology. Thus, it is necessary to examine whether streamflow records exhibit evidence of trends that may be linked to climate change (Kahya & Kalayci ) . 
STUDY AREA AND DATABASE
The subject catchments of this paper are located in the state of Victoria, in southeast Australia. Victoria differs from other mainland Australian states in that it lies further south and has its major mountain ranges running east-west rather than north-south. Despite its small size, Victoria contains many different topographically, geographically and climatically diverse areas, ranging from the semi-arid temperate with hot summers in the west and northwest to wet in the southeast and to temperate and cool along the coast. The catchment physiography ranges from lowlands in the western part up to higher catchment in the eastern parts of the state.
Catchment selection
The selected catchments in this investigation are a subset 
Streamflow data
Seven streamflow indices were used to describe the characteristics of the high flow regime, that is, the floods. The first of these is the AM flow data series, which were used by 
MK test
This test is the most frequently used one for identifying monotonic trends in hydrological data. The null hypothesis is that the river flow data (X 1 , X 2 , …, X n ) are a sample of n independent and identically distributed random variables.
The alternative hypothesis for a two-sided test is that the distribution of X k and X j are not identical for all k, j n with k ≠ j. The test statistic S is estimated using Equations (1) and (2) and has a zero mean and variance of S computed by Equation (3) 
where t l indicates the number of ties of extent l, and L is the number of tied groups. For the cases where n is larger than 10, the standardized test statistic (Z ), defined in Equation (4), is approximately normally distributed
Consequently, for the two-sided test for trend the null hypothesis should be accepted if Z s j j Z crit , at the α level of significance, where Z crit is the value of the standard normal distribution with an exceedance probability of α=2.
A positive value of S indicates an upward trend and a negative value indicates a downward trend.
Seasonal MK test
This test can be used for time series with seasonal (monthly) variation and does not require normality assumption of the time series (Hirsch et al. ) . This test is intended to assess the randomness of a data set X (X 1 , X 2 , …, X 12 ) and X i (x i1 , …, x in ), where X is a matrix of the entire monthly data over n years at a station. The test statistic is a sum of the MK statistic (S similar to that in Equation (1)) computed for each month. The interpretation of the rest of the test is similar to that of the MK test.
Van Belle and Hughes' homogeneity of trend test
This test aims to investigate the homogeneity of trend direction in different months at a given station using the procedure developed by Van Belle & Hughes (). The test is essential, since if the trend is upward in one month and downward in another, the seasonal MK test and slope estimator will be misleading. As a result, an overall trend test at a station will lead to an ambiguous conclusion when the trend, in fact, is heterogeneous between months.
For homogeneity in monthly trends at a station, the following statistic is calculated:
and the values of (Z i ) and ( Z) are computed by
where S i is the MK statistic for month i, and the χ (), and based on the number of adjacent significant serial-correlation coefficients the block size is determined.
After several primary tests, it was appropriately considered to make 1,000 resamples per station and index to obtain a practical consistency in the significance level estimates. The 1,000 trend estimates of the resamples were subsequently ranked in the ascending order. If the trend of the original data series was outside the 2.5 and 97.5% points of the ranked trends of the resamples (i.e., the 25th and 975th ranked values), the trend of the original data series was considered to be significant at the 5% significance level. The benefits of using the BBS resampling approach are the preservation of the original data and the incorporation of the effects of serial correlation higher than the first one. Comprehensive details including the steps involving the BBS resampling approach can be found in Khaliq et al. () .
Trend index (TI)
To make possible a correlation analysis of trends among the tested flood indices, a TI is developed for presentation purposes. The TI, ranges from À100 to þ100, with negative values indicating a negative trend while positive values represent a positive trend. Hence, the higher the absolute value of the TI, the higher the significance of the trend. The TI is represented as a percentage and relates to the significance level α (also in %), of the twosided test as TI ¼ 100 À α for positive trends À(100 À α) for negative trends
Thus, for example, a positive trend significant at the 5% level will have TI ¼ 95%.
RESULTS
The results are presented in three sub-sections: first, the homogeneity assumption of monthly trend is examined;
second, all the significance levels of the trends for the different flood indices are assessed; and third, the resemblance between the trend results and their spatial distribution is discussed.
Homogeneity of trend
The homogeneity of trend directions in months at the mul- Table 1 , which are completely consistent with the finding of the second column. Therefore, it is concluded that a common trend is present in all months in streamflow data, having a significant trend at the significance level of 5%. Figure 2 shows the outcomes of testing the homogeneity of monthly trends in graphical form.
Autocorrelation in annual flood series
The outcomes of the serial-correlation analysis of the annual flood series recommended that for the majority of the selected stations a block size of one should be sufficient to account for the serial dependency in the time series. This was therefore used in the BBS approach when estimating the significance levels of trends. An example of the calculated autocorrelation coefficients at different lag time for the AM flood data series is presented in Figure 3 . In addition, the significance of the lag-1 serial correlation for the chosen catchments was tested at the significance level of 5%. The results show that 11 and 18% of the AM flood and POT3 mag. data series exhibit significant lag-1 serial correlation, respectively, while 7% of each of the POT1 mag. and POT2 mag. time series show significant lag-1 serial correlation. For the stations where the serial correlation was found significant for more than a one-year lag, the significance levels for the trend analysis were estimated using the longer blocks. These stations are marked and footnoted in Table B1 in Appendix B (available online at http:// www.iwaponline.com/nh/046/064.pdf). It is also noted that when a longer block size was needed for the AM flood data series, the same block size was used to determine the significance levels of trends for the POT magnitude series.
Trends in flood index series
For each of the 131 selected stations, the significance of the trends, in terms of TI, in the seven flood flow index series estimated using the MK test associated with the bootstrap resampling approach is presented in Table B1 , Appendix B. As described before, when the trend is negative the significance level (TI) is shown in negative and in italic bold. Also, absolute values of significance levels exceeding 95% are shown in bold font in Table B1 . These values relate to trends significant at the 5% level. The resemblance between the columns in Table B1 can be evaluated using correlation analysis. This shows that there is generally reasonable agreement between the outcomes from the different flood indices.
Apart from the significance level, the results display more stations with negative trends compared with stations with positive trends for the tested flood indices and over the selected study period. The percentage of stations with Table B1 that more significant negative trends may transpire in the AM flood data series than in the POT flood magnitude series, particularly when a sequence of low flood peaks appear at the end of a time series with trend. These flood peaks may be too low to be chosen for the POT analysis, Figure 4 for illustration purpose. Due to this difference in significant trends between the POT and AM flood series, it possibly would be more useful to include a larger amount of data into the trend analysis in some other way than through the simple POT approach used in this paper.
Moreover, the numbers of stations exhibiting significant negative trends for the AM, monthly maximum and POT3 mag. flood magnitude series, which are 18%, 35% and 8%, respectively, are higher than the number expected to have occurred by chance at the significance level of 5%. For instance, for the POT3 mag. flood data series, ten stations out of 131 (8%) show a significant downward trend. This is greater than the around six stations which would be expected to exhibit a trend by chance at the significance level of 5%. Similarly, the numbers of stations exhibiting significant negative trends for POT flood frequency indices are also judged to be statistically significant at the same significance level. In contrast, the trends in the POT1 mag. and POT2 mag. indices (4% for each) are judged to be statistically insignificant at the significance level of 5%. Also, the 
